Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN), which can be considered a late-onset allergic reaction, can cause serious long-term sequelae. SJS/TEN are considered a spectrum of lifethreatening adverse drug reactions. They have the same clinical manifestations and the only difference is in the extent of epidermal detachment. These conditions are associated with high mortality, although incidence of SJS/TEN is rare in children. SJS/TEN is an adverse drug reaction influenced by genes that involve pharmacokinetics, pharmacodynamics and immune response. Infective agents are additional influencing factors. Anticonvulsants and antibiotics, and especially sulphonamides and non-steroidal anti-inflammatory drugs, are among the drugs that were predominantly suspected of triggering SJS/TEN. No evidence-based standardized treatment guidelines for SJS or TEN are currently available. The usual treatment is mainly founded on the withdrawal of the suspected causative agent and supportive therapy. In pediatric patients, the specific therapeutic strategies are controversial and comprise systemic corticosteroids and the use of intravenous immunoglobulin (IVIG). More recently, new therapeutic approaches have been used, such as immunosuppressive therapies, including cyclosporine and TNF-α inhibitors. (www.actabiomedica.it)
Introduction
Stevens-Johnson Syndrome (SJS) and toxic epidermal necrolysis (TEN) are severe cutaneous adverse reactions (SCAR) that belong to type IV hypersensitivity, mediated by immunological effect (1) . SJS and TEN, which were reported for the first time in 1922, are part of the same spectrum of disease and have similar aetiology. There are differences in the extent of detached or detachable skin. SJS affects <10% of the body surface area with, SJS/TEN overlap 10%-30% of the body surface and TEN >30% (2, 3) . SJS/TEN is a severe disease, which is often life-threatening and usually drug-induced. Because of its rarity, there is a lack of epidemiologic and prospective studies. The reported incidences of SJS and TEN in adults are 3.96 to 5.3/1,000,000 for SJS and 0.4 to 1.45/1,000,000 for TEN (4, 5) . Pediatric data only refer to small case series and retrospective studies (6, 7) . Nevertheless, a higher incidence in pediatric age has been recently reported by a US study. The incidence was 6.3/100,000 for SJS, 0.7/100,000 for SJS/TEN overlap syndrome, and 0.5/100,000 for TEN. Children aged 11-15 years recorded the highest incidence (p<0.001). The highest mortality was seen in children aged 0-5 years and in children with TEN (8) . The reported mortality rates at 6 weeks are comprised between 7.5% and 23% (7, 9) . The increasing incidence of SJS/TEN with age is likely a result of more frequent drug prescriptions and comorbidities that modify the drug effects.
TEN and SJS/TEN overlap syndrome is associated with longer hospitalization, greater mortality, and higher hospital charges compared to SJS. The mortality associated with SJS and TEN in adults is higher than in pediatric populations (5) , which are affected by long-term complications in more than half of the cases. Children show a high recurrence rate of SJS, 1 in 5 in the study by Finkelstein et al. (6) , suggesting vulnerability and potential genetic predisposition.
How to recognize SJS/TEN
In several studies, prodromal non-specific symptoms lasting 1 to 7 days precede the onset of the SJS/ TEN disease. They include discomfort, dysphagia and ocular pruritus, followed by high fever, respiratory symptoms and rashes with blisters or lesions causing mucosal inflammations. Skin lesions are usually preceded by a few days by inflammation and dryness of the mouth and genitalia. The oral, ocular and genital mucous membranes are gradually affected by erythema, erosion, and pseudomembranes. Patients are severely ill and bullous lesions develop fast both on skin and mucous membranes (10), often within 12 hours.
Skin lesions have variable severity and change into vesicles, bullae and extended detachable skin necrosis. When erythema is the main cutaneous finding, the diagnosis may be guided by the Nikolsky sign, in spite of not being exclusive of SJS/TEN. The Nikolsky sign (11) is defined as an epidermal detachment caused by the application of a tangential pressure on erythematous, non-blistering skin. Despite the highest involvement of the skin, multiple organ systems, such as cardiovascular, pulmonary, gastrointestinal, and urinary systems can also be affected. Several different complications are reported in SJS and TEN patients, the most common being secondary skin infection. Bacterial infection is inevitable because of epidermal detachment. Severely ill patients show various complications, such as pneumonia, hepatitis, and septicemia, and they determine the major cause of morbidities and mortalities.
Mucocutaneous complications occur in about 90% of cases and the ocular surface is one of the most frequently affected mucosal surfaces in TEN (50-67%) (12) . Patients surviving from the often fatal acute stage of the disease are usually affected by major ocular sequelae, which include bilateral blinding caused by corneal scarring, and vascularization in severe cases. The complications are more severe in TEN than in SJS, except for ocular complications, such as corneal ulcerations, that were equally distributed between SJS and TEN. Furthermore, there is no correlation between the severity of skin detachment and the severity of ocular findings. In view of the persistent ocular complications, prompt eyes examination with appropriate treatment is recommended in all SJS and TEN patients (13, 14) . SJS/TEN is a very severe form of drug-induced reaction. Its differential diagnosis includes various diseases, such as drug induced linear IgA and DRESS. A drug-induced maculo papular exanthema should also be excluded, being the most common cutaneous adverse drug reaction. The Staphylococcal scalded skin syndrome (SSSS) and the erythema multiforme must be also taken into consideration.
Triggers for SJS/TEN
SJS/TEN is induced by drugs in about 60%-90% of children (6, 15, 16) . A limited number of drugs are responsible for the majority of cases, especially in chil-dren, even if more than 100 drugs have been associated with this disease (6, 7) . Anticonvulsants, antibiotics and non-steroidal anti-inflammatory drugs (NSAIDs) are the more common triggers. In order to consider SJS/TEN as drug related, the affected patients must be exposed to the suspected drug within 8 weeks prior to the occurrence of the rash. The largest pediatric cohort, which was reported by Levi et al., included 80 patients and 216 matched controls below the age of 15 years. The study shows that the most frequent causative drugs were sulphonamides and anticonvulsants (phenobarbital, lamotrigine, and carbamazepine) (7) . In this study, the exposure to the offending agent was reduced to 7 days before the onset of the cutaneous lesions. Because of its longer half-life, this window was extended to 3 weeks for phenobarbital. Techasatian et al. (13) have showed that antiepileptics were the most common cause (60%), followed by antibiotics (26.6%) and other drugs, such as NSAIDs and chemotherapy drugs. The most common drug in the antiepileptic drug group was carbamazepine (26.6%) followed by phenytoin, phenobarbital and levetiracetam. The antibiotic drug group included erythromycin, cefotaxime, trimethoprim-sulfamethoxasone, cloxacillin, and amoxycillin. According to the authors, the latent period from drug exposure to diagnosis was comprised between 1 and 31 days, with a mean of 10.7 days. The longest latent period was recorded for anticonvulsivants in comparison to antibiotics or other drugs (13) . In a retrospective study, Egunsola et al. found that valproic acid (VPA) increases the risk of SJS/TEN in pediatric patients receiving lamotrigine (LTG). VPA inhibits hepatic glucuronidation that results in a reduced LTG metabolism and plasma levels (17) . Children with SJS/TEN due to azithromicyn (18) and vancomycin (19) have been reported. In children, various pathogens, especially Mycoplasma pneumoniae and Herpes virus have been found to induce SJS (6, 15, 20) in 5%-31% of cases. Infections caused by virus (influenza, Epstein-Barr, cytomegalovirus, coxsakie, human herpes virus 6 and 7, parvovirus), bacteriae (streptococcus β-haemolyticum, group A), mycobacterium, and rickettsia are also associated with pediatric SYS/TEN (16) . Infections can also act as potential cofactors. SYS/TEN has been reported to be idiopathic in 5%-18% of children and in 25-50% of adults (6, 16, 21) .
Pathogenic mechanisms and genetic aspects
A full understanding of the pathogenesis is still lacking. Drug-induced SJS/TEN may be caused by dysregulation of cellular immunity. Cytotoxic T lymphocytes (CTLs) and natural killer (NK) cells (22, 23) may recognize unmodified drugs or offending drugs or their metabolites (24) presented by human leukocyte antigen (HLA) class I molecules on keratinocytes (24) . When these immune cells are activated, various cytotoxic signals, including Fas/Fas ligand, perforin/granzyme B (25) and granulysin (26) are released to mediate keratinocyte apoptosis and detachment of skin and mucous membranes. T lymphocytes, particularly CD8+ lymphocytes, are present in a large amount in blister fluids and exhibit drug specific cytotoxicity in patients affected by TEN (27) . Moreover, skin lesions, blister fluids/cells, peripheral blood mononuclear cells, or plasma of patients with SJS/TEN contained an increased number of cytokines that are responsible for proliferation and activation of T cells (25, 28) . They include IFN-g, IL-2, IL-5, IL-6, IL-10, and IL-13. Tumor necrosis factor-alpha (TNF-alpha) is released by keratinocytes and macrophages in plasma and blister fluids and it may induce keratinocyte apoptosis (29, 30) .
In the last 15 years, associations between druginduced SJS/TEN (31) and Class I and II HLA alleles of the major histocompatibility complex (MHC) have been demonstrated by pharmacogenomic studies. In order to explain how drugs are recognized by T cells in an MHC-dependent manner, several models have been suggested, including the hapten concept/prohapten model and the p-i model (pharmacological interaction of drugs with immune receptors) (32) . Moreover, a major role in the onset of SJS/TEN is played by genetic susceptibility. Carbamazepine-induced SJS is associated with HLA-B15:02 genotyping in a Han Chinese population (33) , whereas an association between HLA-B58:01 and allopurinol-induced SJS/ TEN has been found in a Japanese population (34) . However, such association was not reported in European population. Therefore, the risk of SJS/TEN is related both to the exposure to high-risk drugs and to a genetic predisposition (27) . Moreover, many genetic polymorphisms in detoxifying enzymes have been founded, especially in the CYP450 family, that is deeply involved in drug kinetics and toxicity. Furthermore, a low N-acetylating capacity has been identified in some patients with SJS/TEN, and this aspect exposes them to the risk of SCARs (35) .
Diagnostic approach
Although the diagnosis of SJS/TEN is mainly based on clinical signs and symptoms. Skin biopsy showing a typical full epidermal thickness necrosis associated with a scarce dermal inflammatory infiltrate is not always required for diagnosis.
It may be difficult to identify the exact causative agent because there is no definitive laboratory test to confirm the role of triggers. In case of a suspected diagnosis of SJS/TEN, it is necessary to obtain a detailed medical history, with a list of all new medications taken during the 8 weeks prior to the onset of the cutaneous lesions. The ALDEN score can be calculated to identify suspected culprit medications (36) . The algorithm considers five items, that is to say index day, half-life, prechallenge/rechallenge, dechallenge, and notoriety.
Moreover, different serological tests and polymerase chain reaction (PCR) for diagnosing infections caused by herpes simplex virus 1 and 2, varicella-zoster virus, Epstein-Barr virus, cytomegalovirus, human herpes virus 6 and 7, parvovirus and M pneumoniae (20) should be carried out.
In spite of being useful for diagnostic purposes, a biopsy can prove to be an invasive and time-consuming procedure. Cytokine determination might be a feasible test for diagnosing SJS before performing a skin biopsy. Cytokines may be potentially important for diagnostic purposes, for prognosis and as a possible therapeutic target. Granulysin expression in CD4+ cells by flow cytometry, granzyme B production by ELISpot assay, and IFN-γ levels in cell supernatant by cytokine bead array have been investigated. Several studies have reported that patients with early-stage SJS have a higher level of serum granulysin than patients with other drug-induced skin reactions (37) . The granulysin rapid test by immunochromatographic assay is a noninvasive procedure, with the additional advantage of rapid diagnosis within 15 min (19, 38 ,39) . Fujita et al. found that the granulysin rapid test was helpful for an early diagnosis of SJS/TEN (38) . Lin et al (39) showed that the granulysin rapid test had a sensitivity of 80% and a specificity of 95.8% for SJS/TEN at the very first stages of the disease. It must be pointed out that the prognostic role of cytokines in SJS/TEN has not been completely explained yet. Su et al. demonstrated that the progression and fatality of the illness were correlated with increased levels of IL-15 that may be used to evaluate the prognosis of SJS/TEN (40) .
The lymphocyte transformation test (LTT) can be used for identifying the offending drug. It is a safe and reproducible test but its reliability is a controversial issue because it shows many false positive and negative results. In SJS/TEN it has to be performed within the first week after the onset of the rash (41) . It has been recently proposed that the T-cell activation assay can be used as an alternative for the LTT to identify the culprit drugs, with a sensitivity of 80% (95%CI: 52-96%) and a specificity of 96% (95%CI: 80-99%) (42) . Patch testing (43) are not considered useful in SJS and TEN. It is not indicated to perform drug challenges with suspected drugs in SJS and TEN because second episode can be extremely dangerous (44) .
A severity-of-illness score for TEN (SCORTEN) is a clinically predictive score based on 7 prognostic factors and it is used to assess the risk of mortality in TEN patients. In order to obtain a better assessment of the risk of mortality, SCORTEN should be calculated within 24 hours after admission. However, SCORTEN has not received full validation in children (45) .
Management and therapy in SJS/TEN children
The management of SJS and TEN is mostly conservative and requires multidisciplinary skills (Table  1) . It is important to immediately discontinue the causative drug and start supportive care. It comprises monitoring of fluid balance and electrolytes, respiratory and nutritional support. An important aspect is the nutritional needs of children with SJS/TEN. The energy requirements of SJS/TEN pediatric patients are increased, and a 30% factor to resting energy requirements should be applied when calculating nutritional support (46) . Pain management includes administration of analgesics and topical anesthetics. With the aim of reducing the complications of the loss of barrier function, wound treatment is necessary and includes debridement of broken blisters, removal of necrotic skin, topical antiseptics or antibiotics, bandages (47, 48) and a warm environment (28°C). Admission to a specialized burn unit when skin involvement is > 25-30% is correlated to decrease morbidity and mortality rates (40) . When clinical signs of infection occur, systemic antibiotics should be administered, always guided by systematic cultures of skin, mucosae, catheters and urine (49) . An eye visit may be necessary. Psychosocial attention is necessary for a full patient care. There is insufficient evidence that there is an effective treatment of SJS/TEN. Randomized controlled studies for the treatment of SJS/TEN are lacking because it is a rare disease, often associated with a high rate of mortality. The therapeutic role of intravenous immunoglobulin (IVIG) is related to the direct inhibition of FAS/FAS ligand interaction (50) . Many studies showed that patients treated with high dose (2-4 g/kg) in the first 4 days after the beginning ok skin lesions had a better recovery and a higher survival rate (51) (52) (53) . On the other hand, other studies did not found such an improvement on mortality rates (54) . The therapeutic role of corticosteroids (e.g. prednisolone, methylprednisolone and dexamethasone) has also been evaluated. On one side, some studies found that corticosteroids, particularly high doses of dexamethasone were effective, especially when they are used at the beginning of the disease (55) . Other studies, underlined a higher risk of complications, such as gastrointestinal hemorrhage and sepsis, and a loss of efficacy (13, (55) (56) (57) (58) . In fact, the timing for corticosteroid systemic administration, the corticosteroid type, dose and the treatment duration are still not clearly defined.
Studies in adults showed that intensive supportive care was the only therapeutic measure that reduced mortality rates (50) . However, a metanalysis did not find any difference between corticosteroid, IVIG and supportive care in reducing mortality (59) . Although the literature is poor, patients treated with steroids and IVIG seemed to have a better outcome (54) . In recent years it has become widely suggested to administer IVIG at high dose (2-4 g/kg) for 4 days followed by corticosteroids (16) , especially in case of TEN or SJS/ TEN overlap (60) .
Other specific treatments include cyclosporine, plasmapheresis, TNF-α inhibitors or a combination of different drugs.
Recent studies evidenced that the use of immunosuppressive treatment with TNF-α inhibitors can be useful. Infliximab and etanercept have shown to be effective at halting disease progression (61, 63, 64) . In moderate-to-severe SJS-TEN patients, a TNF-α antagonist etanercept in a randomized trial showed some advantages towards corticosteroids, including a significant shorter time for skin healing and a lower incidence of gastrointestinal bleeding (65) .
Patients with SJS/TEN can be effectively treated with ciclosporine (3mg/kg/die for 7 days followed by 1.5 mg/kg/die) that may improve reepithelization, prevent onset of new lesions, reduce lenght of hospitalization. Both in adults and children cyclosporine reduces mortality (66-68) compared to high dose IVIG (15, 69) .
Conclusions
Studies on children with SJS/TEN are scarsely reported and limited to small case series and retrospective studies. Therefore, a definition of SJS/ TEN in children requires further work. Incidence of severe drug reactions including SYS/TEN or anaphylaxis (70) is low in children, but SYS/TEN is associated with high mortality.
Rates of mortality are lower in children in comparison with adults, but a high rate of long-term complications is reported in pediatric population. Important progress has been recently acquired in the immunogenomics and immunopathogenesis of SJS/ TEN. Nevertheless, several clinical and research gaps remain (71) . Biomarkers for early diagnosis and prognosis are needed. They may be detected not only in serum but also in exhaled breath, a non invasive method for the assessment of inflammation (72) (73) (74) . Guidelines based on high quality trials or metananalysis (75) for the therapeutic management and genetic predictors for most drugs that cause SJS/TEN are lacking. Furthermore, the reason why only a small percentage of population (<10%) with an HLA risk allele will develop SJS/TEN after exposure to the culprit drugs is still unclear (23) . In conclusion, with the aim of ensuring an early diagnosis and an effective treatment, more studies are needed for a deeper understanding of the pathogenesis of SJS/TEN.
